A n increasing body of evidence suggests that certain types of cancers are more common in people with diabetes mellitus (DM).
reported that DM is not a risk factor after adjusting for multivariable analysis. We hypothesize that not adjusting for demographic characteristics, such as age and sex distribution between patients with and without DM, accounts for discrepancies in the risk of HNC. In addition, inadequately controlling for confounding factors, such as obesity, a risk factor for cancer, may have further influenced the results. To test this hypothesis, we used Taiwan's National Health Insurance Research Database (NHIRD) for a population-based cohort study that examined the overall risk and the specific types and sites of HNC in patients with DM. We believe that such a study will provide useful information to physicians planning patient follow-ups and researchers working to identify the potential carcinogenic effects of DM.
Methods

Data Sources
The Chi Mei Medical Center Institutional Review Board approved this study. The National Health Insurance program in Taiwan is a compulsory, single-payer, tax-financed health care system that was established in 1995 and provides health care to 99% of the country's 23.3 million people. It has contractual agreements with 97% of the hospitals and clinics in the country. The data used in this analysis originated from the NHIRD, which contains insurance claims data for 23.3 million beneficiaries from 1996 through 2011. The database contains encrypted patient identification numbers, International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes for diagnoses and procedures, prescription drug details, dates of admission and discharge, and basic sociodemographic information, including sex and birth date.
Design
A retrospective cohort study was conducted with 2 study groups: a DM cohort and a matched non-DM control cohort. The DM cohort consisted of patients with a first-time diagnosis of DM (ICD-9-CM code 250) in 2002. Information that identified patients with DM was based on a minimum of 2 visits or a corresponding diagnosis provided by referral teaching hospitals and tertiary referral medical centers. We identified 89 530 patients with at least 2 medical visits for DM (ICD-9-CM codes 250.0-250.9) and prescribed antidiabetic medication for 3 months within the index year. Patients without DM-related medical claims, matched (1 to 1 case-control matching) for sex, age, index date, geographic distribution, monthly income, and the comorbidities of obesity (ICD-9-CM codes 278, 278.00, 278.01, and V778), coronary artery disease (ICD-9-CM codes 410-414, A270, and A279), hyperlipidemia (ICD-9-CM code 272.0), hypertension (ICD-9-CM codes 401-405), chronic kidney disease (ICD-9-CM code 585), and chronic obstructive pulmonary disease (ICD-9-CM code 490-496, a surrogate for smoking) were selected as the comparison cohort. The index date for the patients in the DM cohort was the date of their first diagnosis of DM. The index date for the patients in the non-DM cohort was created by matching the year of the index date of patients in the DM cohort. Head and neck cancers (ICD-9-CM codes 140-149, excluding code 142, and 160-161) presented after the index date were classified as follows: oral cavity (ICD-9-CM codes 140, 141.1-141.4, 143-145, and 149), oropharynx (ICD-9-CM codes 141.0 and 146), hypopharynx (ICD-9-CM code 148), rhinosinusitis (ICD-9-CM code 160), nasopharynx (ICD-9-CM code 147), and larynx (ICD-9-CM code 161). The patients were linked to the registry of Taiwan's Catastrophic Illness Patient Database to identify those whose diagnosis of cancer had been histologically confirmed. A routine peer review is conducted within the Taiwan Health Insurance Bureau to maintain consistency in the diagnoses in every referral teaching hospital and tertiary referral medical center. This study is retrospective because all the data had been collected before the study was designed; however, the data were analyzed to project possible future outcomes. To determine the incidence of HNC, each patient was assessed from the index date until the end of follow-up on December 31, 2011, or until the patient was censored because of death.
Statistical Analysis
Descriptive statistical analyses using Pearson χ 2 tests were performed to compare differences in sociodemographic characteristics and comorbidities between the DM and non-DM cohorts. The incidence rate was calculated as the number of HNC incidents identified during patient follow-up, divided by the total person-years for each cohort by sex, age, and the number of follow-up years. The risk of developing HNC in each cohort was compared by estimating the incidence rate ratio (IRR) using Poisson distribution regression analysis. The risk of developing HNC at various anatomical sites in the DM cohort was estimated using Cox proportional hazards models, the cumulative incidence rates of HNC in the 2 cohorts were calculated using Cox proportional hazards regression analyses and Kaplan-Meier analyses, and differences between the survival curves of the 2 cohorts were analyzed using a log-rank test. To meet the proportional hazards assumption, each dichotomous variable in the model was tested for proportionality using investigative diagnostic loglog survival plots. A Cox proportional hazards regression analysis with propensity score matching was used to estimate the hazard ratio between the DM and non-DM cohorts. Propensity score matching, which can bundle many confounding covariates that may be present in an observational study with a large number of variables, 15 was used to reduce any selection bias in our hypothesis. Score matching identified the predicted probability of obtaining one patient with DM vs one without DM from the logistic regression model using the baseline covariates of age, sex, and the comorbidities of obesity, coronary artery disease, hyperlipidemia, and hypertension. SAS statistical software, version 9.2 (SAS Institute Inc), was used for all analyses. Significance was set at P < .05 (2-tailed).
Results
Correlation of HNC Incidence With Patient Characteristics
No significant differences were found in the distribution of sex, age, geographic distribution, monthly income, or comorbidi-ties (P > .99 for all) ( Table 1) . We compared the differences in the estimated risk of HNC between the DM and non-DM cohorts by sex, age, and number of follow-up years. By the end of the follow-up period, the incidence of HNC was 1.47 times higher in the DM cohort than in the non-DM cohort (P < .001) ( Figure 1 ). No significant difference was found in the mean interval between the index date and the occurrence of HNC in the DM and non-DM cohorts (P = .39). The mean (SD) age in the DM cohort at the diagnosis of HNC was 55.52 (15.13) years. The mean interval between the index date and the occurrence of HNC for the DM cohort was 4.48 (2.91) years. The incidence of HNC was significantly higher in DM cohort patients aged 40 to 65 years than in non-DM cohort patients aged 40 to 65 years (IRR = 1.57, P < .001) ( Table 2 ). The HNC incidence rate was also significantly different based on sex (IRR, 1.48; 95% CI, 1.31-1.69; P < .001 for men) ( Table 2 ).
Adjusted Hazard Ratios of HNC for Different Anatomical Sites in the DM Cohort
A multivariate Cox proportional hazards regression analysis, adjusted for sex, age, comorbidities (obesity, hypertension, hyperlipidemia, coronary artery disease, chronic kidney disease, and chronic obstructive pulmonary disease), geographic distribution, and monthly income, revealed an adjusted hazard ratio (AHR) of 1.48 (95% CI, 1.31-1.67) for HNC between the DM and non-DM cohorts ( Table 3 ). The incidence of HNC in the oral cavity was the highest (0.41%) in the DM cohort; the AHR (1.74; 95% CI, 1.47-2.06) for HNC in the oral cavity was also the highest. The incidence of HNC in the oropharynx in the DM cohort was 0.06% (AHR, 1.53; 95% CI, 1.01- 
Association of HNC With Comorbidities
To examine the effects of the comorbidities, the IRR for each comorbidity was calculated in the DM and the non-DM cohorts ( Table 2 ). The IRRs between the comorbidity subcohorts of hypertension (P = .59), hyperlipidemia (P = .80), coronary artery disease (P = .46), chronic kidney disease (P = .85), and chronic obstructive pulmonary disease (P = .45) were not significantly different.
Effect of DM on the Overall Survival of Patients With HNC
The overall survival for patients without HNC was significantly higher in the non-DM cohort than in the DM cohort (P < .001). However, there was no significant difference in overall survival between patients in the DM and non-DM cohorts who subsequently developed HNC (P = .22) (Figure 2) . Patterns of the effect of DM on the overall survival of patients were similar across different anatomical sites with HNC. Without oral cavity cancer, oropharyngeal c ancer, and nasophar yngeal c arc inoma (NP C), the overall survival for patients was significantly higher in the DM cohort than for those in the non-DM cohort (P < .001 for all) (Figures 3, 4 , and 5). No significant difference was found in overall survival between patients in the DM and non-DM cohorts who subsequently developed oral cavity cancer (P = .36), oropharyngeal cancer (P = .22), and NPC (P = .07). Abbreviations: CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; HNC, head and neck cancer; IRR, incidence rate ratio; NA, not applicable. a Rate per 10 000 person-years. stantially higher for patients aged 40 to 65 years than for any other age group. Although a positive link between DM and many types of cancers has been suggested, evidence of a link between DM and HNC has been limited and inconsistent. 2, 18 For example, a Danish population-based study 19 reported a higher risk of oral and pharyngeal cancer but not laryngeal cancer in patients younger than 50 years with DM. Two studies 6, 14 reported a weak association between DM and HNC; however, 2 different studies 5, 13 found no significant association, or even inverse associations, between DM and HNC. These studies, 5, 13 however, did not control for the confounding factor of comorbidities. Because we adequately controlled for the confounding factors, our findings disclose a higher incidence of HNC in patients with DM (P < .001) and highlight the importance of monitoring patients with DM for HNC.
Effect of Newly Diagnosed DM on the Specific Site of HNC
The first prevalent site of HNC in patients with DM was the oral cavity (57.1%). Other studies have reported a higher risk of oral cavity precancerous lesions 20 and oral and pharyngeal cancer 19 in patients with DM. In contrast, however, a case-control study 13 found no association between DM and oral cavity cancer, but the cases and controls were not age and sex matched. In addition, confounding factors, such as overweight or obesity, might not have been adequately controlled for, which would have biased their results. A retrospective cohort design made it possible for the present study to highlight the links between DM and oral cavity cancer and between DM and oropharyngeal cancer.
The second prevalent site of HNC in patients with DM was the nasopharynx (15.3%). Patients with newly diagnosed DM were associated with an increased risk of NPC. It is well known that NPC is a highly prevalent Epstein-Barr virus-associated cancer in Taiwan. Further study is needed to explore whether DM contributes to long-term Epstein-Barr virus infection and subsequent virus-associated cancer.
Other than oral cavity cancer and NPC, no significant increase was found in the risk of HNC in patients with DM. For example, in agreement with other studies, 2, 19 we found no significant difference in the prevalence of laryngeal cancer between patients in the DM and non-DM cohorts (AHR, 1.03; 95% CI, 0.68-1.56). Cumulative survival probability of patients with DM who subsequently developed oral cavity cancer (group A), patients with DM who did not subsequently develop oral cavity cancer (group B), patients without DM who subsequently developed oral cavity cancer (group C), and patients without DM who did not subsequently develop oral cavity cancer (group D). For the survival probability of patients who subsequently developed oral cavity cancer, there was no significant difference (P = .36) in survival probabilities between the DM and the non-DM cohorts. P < .001 for all other comparisons (group A vs B, group B vs D, and group C vs D). Each patient was assessed from the index date to the end of follow-up on December 31, 2011, or until the patient was censored because of death.
Pathogenesis of HNC in Patients With Newly Diagnosed DM
Diabetes mellitus and cancer are multifactorial diseases; several potential pathophysiological pathways can contribute to their interdependence. However, most mechanisms underlying the association between DM and the subsequent development of HNC remain unclear. A potential cause of the increased risk of HNC in patients with newly diagnosed DM might be shared genetic risk factors, DM-related metabolic morbidities (eg, hypertension and dyslipidemia), obesity, aging, and sex as the link between DM and other cancers. 21, 22 Epigenetic modifications of the inherited or acquired genetic mutations in cancer might provide another possible mechanism linking the causes of cancer and DM. 23, 24 For example, RRAD (OMIM 179503), a member of the Rasrelated GTPase superfamily, is frequently methylated in multiple human malignant tumors. 25 In human cancers, RRAD may play opposite roles as an oncogene or a tumor suppressor, depending on the cancer and cell type. 26 
RRAD
has been suggested to be a tumor suppressor gene in several human malignant tumors, including malignant mesothelioma, lung cancer, breast cancer, cervical cancer, prostate cancer, and NPC. [26] [27] [28] [29] [30] RRAD is epigenetically inactivated in NPC. Epigenetic down-regulation of RRAD might disrupt the pathways downstream of the tumor suppressor p53 and lead to a malignant and invasive phenotype. 26 In contrast, RRAD translocates Grap2 and GCIP from the nucleus to the cytoplasm, thereby inhibiting the tumor suppressor activity of GCIP, which occurs in the nucleus. 31 Consequently, RRAD may promote carcinogenesis at least in part by inhibiting GCIP-mediated tumor suppression. One possible mechanism that links DM to the development of HNC is long-term exposure to hyperinsulinemia, which leads to breast cancer. 32, 33 Insulin is a potent growth factor that promotes proliferation and carcinogenesis in various ways, directly and through IGF. [34] [35] [36] Another reasonable explanation is hyperglycemia, which may directly promote tumors: cancer cells rely on increased glucose consumption. 37 The literature also reports that hyperglycemia induces DNA damage, 38 down-regulates the expression of antioxidants, 39 and increases the generation of reactive oxygen species. 40 Apart from the direct actions of insulin and high glucose, various metabolic dysfunctions, parallel to DM, can contribute to the development of a tumor. 3, 33 Because of this, the frequencies of hypertension, dyslipidemia, and obesity were matched in the present study. Cumulative survival probability of patients with DM who subsequently developed oropharyngeal cancer (group A), patients with DM who did not subsequently develop oropharyngeal cancer (group B), patients without DM who subsequently developed oropharyngeal cancer (group C), and patients without DM who did not subsequently develop oropharyngeal cancer (group D). For the survival probability of patients who subsequently developed oropharyngeal cancer, there was no significant difference (P = .22) in survival probabilities between the DM and non-DM cohorts. P < .001 for all other comparisons (group A vs B, group B vs D, and group C vs D). Each patient was assessed from the index date to the end of follow-up on December 31, 2011, or until the patient was censored because of death. Cumulative survival probability of patients with DM who subsequently developed NPC (group A), patients with DM who did not subsequently develop NPC (group B), patients without DM who subsequently developed NPC (group C), and patients without DM who did not subsequently develop NPC (group D). For the survival probability of patients who subsequently developed NPC, there was no significant difference (P = .07) in survival probabilities between the DM and the non-DM cohorts. P < .001 for all other comparisons (group A vs B, group B vs D, and group C vs D). Each patient was assessed from the index date to the end of follow-up on December 31, 2011, or until the patient was censored because of death.
